sion was defined as any surgical attempt to decompress the posterior fossa. Details of each procedure were recorded in the database. All patients underwent preoperative MRI of the brain and spine. Because the study was retrospective, imaging was not performed in a standardized fashion. At one institution patients without preoperative syringomyelia did not undergo postoperative imaging unless the patient had complaints concerning treatment failure. At the other institution brain MRI was performed for all postoperative Chiari decompressions to ensure adequate decompression. Patients with syringomyelia would undergo imaging postoperatively until there was evidence that the syrinx was decreasing in size.
Five patients were referred to us after undergoing primary Chiari decompression at another institution. Therefore, establishing a true denominator to establish outcome frequency is not possible. The 9 patients who underwent their primary Chiari decompression at one of our institutions came from a denominator of nearly 650 patients, making the incidence of this outcome very low.
Data Collection
A retrospective chart review was performed to collect patient and clinical characteristics. The patients were selected through examination of the surgeons' records. Specifically, clinic notes were analyzed for preoperative symptoms, resolution of these symptoms, and final clinical outcomes. Operative notes were studied closely to determine the exact procedure performed, unusual surgical findings, dural graft used, and explanations for the development or worsening of the syrinx. Radiological images as well as confirmatory radiology reports were studied to evaluate the evolution of each child's syringomyelia. The goal of this study was not to establish expectations for volumetric changes in the size of the syrinx; therefore, changes are described as larger, smaller, or no change.
Time to worsening or development of syringomyelia was calculated from the date of the initial surgery to the date of the MRI study that revealed the enlarging syrinx. Clinical follow-up was calculated from the date of surgery to the date of last clinic visit.
Results

Primary Chiari Decompression
Characteristics of the primary Chiari decompressions are presented in Table 1 . Seven of the children were 4 years or younger and generally presented with brainstem dysfunction, including dysphagia, stridor, and hemiparesis or Valsalva-induced headaches or neck pain. The remaining children were 13 years or older and most commonly presented with Valsalva-induced headaches or neck pain. Magnetic resonance imaging established that 7 children did not have a preoperative syrinx.
All operative procedures included a suboccipital craniectomy, except 1, in which a craniotomy was performed that subsequently underwent reoperation to remove the bone (performed elsewhere). All children underwent removal of the posterior arch of the atlas except 1; this patient underwent decompression elsewhere. All patients underwent intradural exploration and duraplasty except 1 patient (performed elsewhere). Among the 13 children who underwent duraplasty, pericranial grafts were used in 3 children, synthetic grafts in 6, and an unknown graft substrate in 4 children. Bacterial meningitis and aseptic meningitis complicated 2 and 3 primary decompressions, respectively (4 of the 5 patients with meningitis were originally cared for elsewhere). Six of the 14 patients had no improvement in their presenting symptoms, and 8 improved.
Secondary Chiari Decompression
Children presented with worsening syringomyelia a median of 1.4 years (range 0.2-10.3 years) after their primary Chiari decompression. Ten children presented with new, recurrent, or persistent symptoms, while 4 patients were asymptomatic and the syrinx was detected on routine follow-up imaging performed to monitor their preoperative syringomyelia. Secondary Chiari decompressions were performed in 11 of the 14 children. The other 3 patients were recommended to undergo secondary decompression and are either awaiting surgery or their families have deferred.
Details of the surgical treatment and operative findings are listed in Table 2 . In summary, all surgically treated patients underwent secondary suboccipital decompression, intradural exploration, and duraplasty. Surgical techniques varied depending on surgeon preference. The operative goal for all surgeons was to reestablish egress of CSF from the fourth ventricle. In doing so, the surgeons sought to view the obex and ensure that there was no veil or other obstruction at this site. Some surgeons preferred to coagulate and shrink the tonsils to provide a wider aperture. In cases with extensive scarring, surgeons sometimes chose to resect the tonsils. In cases in which the aperture into the fourth ventricle was still restricted after attempts to further open it, a fourth ventricle-to-subarachnoid space shunt was inserted. For the dural grafts, a pericranial graft was used in 4 children and a synthetic graft was used in 7. In each case, a structural cause for the failed primary Chiari decompression (for example, extensive scarring, suture invol ving the obex, arachnoid web, residual C-1 lamina, and no duraplasty) was identified. Clinically, of the 11 children undergoing secondary Chiari decompression, symptoms completely resolved in 8 patients, 1 patient had stabilization of progressive myelopathy, and 2 patients who were asymptomatic preoperatively remained asymptomatic post operatively. Radiologically, 10 of the 11 children had a de crease in the size of their syringes (2 had complete resolution) and 1 patient had no change in the size of the syrinx (but improved clinically). The median followup after initial Chiari decompression was 3.1 years (range 0.8-14.1 years), and after secondary Chiari decompression it was 1.3 years (range 0.3-4.5 years). No patient in this series underwent syrinx shunting.
Discussion
Because of its relative absence in the medical literature, worsening or development of syringomyelia after Chiari decompression is assumed to be uncommon. However, in examining the experience of 4 surgeons who treat CM-I at tertiary referral centers, 14 cases were discovered. In each case a structural cause at the previous surgical site was discovered, and surgical treatment resulted in clinical and radiological improvement in most patients. In the majority of cases, preoperative MRI did not reveal the surgical pathology and only upon secondary Chiari decompression was the pathology defined. Shunting of the syrinx was not required for any of these patients. While worsening or development of syringomyelia after Chiari decompression is not discussed in the literature, persistence of syringomyelia has been reported and is generally considered a treatment failure. 5, 10, 13 The development of a syrinx in a child who originally did not have one or experienced enlargement of a preexisting syrinx likely represents a variant of this phenomenon, reflecting the emergence or worsening of a CSF flow limitation at the craniocervical junction.
The response of syringomyelia to posterior fossa decompression is well described. In most patients, the syrinx is expected to decrease in size, and clinical symptoms should stabilize or improve. 12, 13, 16 Reported rates of persistent syringomyelia have ranged from 0% to 40%. 4, 8, 13, 16, 17 Causes of treatment failure have also been investigated.
5,10,13 Zhang et al. reported worsening syringomyelia in 7.34% of patients without discussion of future treatment of this problem. 17 Tubbs et al. reported that 10.6% of children with CM-I-associated syringes had persistent syringomyelia after decompression. Each patient underwent a repeat decompression (most were found to have obstruction of the foramen of Magendie due to scarring), and all but 1 patient had complete resolution of the syrinx. 13 (Two patients in the current series were included in the series of Tubbs et al.) Similarly, in a prospective study of the pathophysiology of persistent syringomyelia, the cause of the syrinx was localized to blockage of the CSF pathways at the foramen magnum. Each patient was treated with a secondary Chiari decompression, and 15 of the 16 patients had a decrease in the size of their syrinx. 5 Similarly, each patient in our study had a blockage of CSF pathways at the foramen magnum. Most cases were found to have intradural scarring or an arachnoid web.
Other treatment options for patients with worsening syringomyelia would be shunting of the syrinx or observation. Observation, particularly for large syringes, would not be favored in most cases because the natural history of worsening syringomyelia may lead to progressive loss of function. Although direct shunting of the syrinx is generally not considered as a first-line therapy for CM-I, 2, 3 some authors advocate this approach as a treatment alterative for initial surgery 6 and as a salvage option after failure of a posterior fossa decompression. 3, 15 However, our data suggest that, in the CM-I population with worsening or development of syringomyelia after decompression, repeat decompression is an effective second-line therapy option, and shunting should be a true last resort, a rescue procedure, because of the potential drawbacks of this approach. Shunting of a syrinx involves perforation of the spinal cord, which can sometimes cause, rather than relieve, neurological deficits. Additionally, the shunt acts to tether the spinal cord at the site of the shunt insertion. Cacciola et al. found that 20% of patients had persistent neurological complaints attributable to the myelotomy or tethered cord at the insertion site, 3 and Sgouros and Williams reported that the procedure caused direct clinical deterioration in 26.7% of those treated.
11 Durability of these shunts has also been a concern, and revision surgery is usually not as successful; 11 in addition, as with all shunts, syrinx shunts are capable of hardware failure, including obstruction and infection. 1, 2, 6, 7, 11 Of the 3 patients in our series who have not been treated for worsening syringomyelia, surgical treatment was recommended. One patient had evidence of progressive retroflexion of the dens after her original Chiari decompression. Syringomyelia has been associated with this inclination of the odontoid process.
14 The patient's family deferred the recommendation for decompression and fusion and sought care elsewhere. Another patient had evidence of worsening syringomyelia and a persistent pseudomeningocele. Persistent syringomyelia has been associated with pseudomeningocele, and treatment of the pseudomeningocele through secondary Chiari decompression has resulted in a decrease in the size of the syrinx. 9 This patient has been recommended to undergo secondary surgery; however, her family is still contemplating surgery. The third patient is currently awaiting surgery.
Study Limitations
Patients were selected for inclusion based on examination of the surgeons' records; therefore, selection bias could be a factor. As a retrospective study, imaging indications and intervals were not standardized. Depending on the institution, patients with CM-I and no syrinx did not consistently undergo MRI postoperatively.
There is no direct comparison of this treatment plan to alternative therapies for syringomyelia such as syrinx shunting. Therefore, no statement of superiority can be made.
Conclusions
Worsening or development of syringomyelia after decompression for CM-I is an uncommon complication. Causes were found to be structural, and this was commonly established at the time of surgery rather than on preoperative imaging. Secondary Chiari decompression, reestablishing egress of CSF from the fourth ventricle, was effective in treating syringomyelia. Based on our experience, children with worsening syringomyelia after Chiari decompression should be treated with secondary decompression.
